Abstract. Polymeric materials present mechanical and thermal limitations that disable their use in the mould manufacturing. Nevertheless, an adequate selection of the polymeric matrix and the dispersed materials allows the possibility to achieve performances closer to the metals and their alloys. These new materials are attractive solutions for applications that have less demanding mechanical properties, as is the case of the rapid tooling applications where a small number of parts are required. The composites were obtained from a mixture of an epoxy resin with fine and coarse aluminium particles. One can state that besides the dispersed phase resistance overcome the matrix one, its contribution to the global resistance of the composite is restricted, because the fracture surface lies basically in the matrix and interfaces. As the matrix section under load is reduced, with the increment of the dispersed phase, the composite properties turn out to be dependent on the interfaces quality and resistance. This is particularly true when fine aluminium particles are used. The interface contribution to the global composite properties depends basically on two parameters, the binding quality between the matrix and the dispersed phase, and the interface extension per unit volume. This paper studies the main contribution of the phase-matrix interface in the mechanical behaviour of aluminium filled epoxy.
Introduction
Aluminium filled resins are frequently employed in the area of Rapid Prototyping (RP) and Rapid Tooling (RT) to manufacture moulds for production of small series of plastic parts [1] [2] [3] .
The strength of these composites is very sensitive to the different phase properties and to the respective concentrations. Furthermore, as shown in this study, the interface also seems to be an important parameter in the composite mechanical behaviour. The adhesive resistance through the interface depends essentially on the extension and quality of the adhesive bonding.
The chemical complexity of the epoxy systems and the respective interfacial interactions with the aluminium surfaces represents an extra difficulty in the interpretation of the adhesive bonding mechanism. Different theories are under development to explain the adhesion mechanism, and how it affects the interface resistance [4, 5] .
Experimental
Two epoxy systems for high (A) and medium (B) temperature (see Table 1 ) were mixed with aluminium particles of two different classes, fine (F) and coarse (C), with an average equivalent diameter of 45.5 µm (PD 200 grade) and 1400 µm (size distribution from 500 to 2000 µm), respectively ( Fig. 1) . Eight composites were manufactured, A1 to A4 and B1 to B4. The matrix epoxy system is represented by a letter and the aluminium class by a number ( Table 2) .
The flexural strength and Charpy impact tests were performed according to ASTM D790-02 and D5942-98 standards, respectively. The ASTM D1002-94 standard was used to determine the shear strength of the aluminium-resin interface adhesive bonding. Title of Publication (to be inserted by the publisher) 100% coarse Al Vp = 0.50 Sv = 6.5 V p = particle volume fraction; Sv = interfacial specific area Two different methods for the aluminium surfaces preparation were used: an abrasive method with SiC paper (P350 in a semi-automatic grinding-polishing machine), and a chemical one with an acid etching solution (sulfuric acid/sodium dichromate) according to the D2093-95 standard.
Results
Interface quality. The composite mechanical performance depends on the matrix and the aluminium matrix interface resistance. Flexural strength and Charpy impact tests have demonstrated that the mechanical behaviour of the B matrix is significantly higher than the A matrix ( Fig. 2(a)  and 2(b) ). The unfilled A system is characterized by high structural heterogeneity and crosslinking density. In this system, fine aluminium addition promotes little changes in the impact strength and the flexural strength. With aluminium addition, both systems tend to exhibit similar flexural and impact strength due to the fact that these characteristics are interface dependent. Considering this, one can state that the interface has a negative influence in B system and a low effect in A system. The shear strength results of the aluminium-resin interface, determined by the adhesive bond test, are not very conclusive, because this is an indirect method, where the difference between A and B adhesion shear strength is very small and the uncertainty of the measurement is high (Fig. 2  (c) ). Recent studies, based in XPS analysis, revealed that interaction of the epoxy resins nitrogen molecules with the oxidised and hydroxylated aluminium surfaces are the main contribution for the adhesion in these epoxy systems [6, 7] . Considering that A system has an amine group concentration of about 6% and that B system only has 1,5%, it seems that this system tend to develop greater chemical interaction with the aluminium particles. The lower viscosity of the A system also contributes for a better wettability and bonding. Interface extension. Image processing and quantitative analysis allow the determination of the total particles perimeter divided by the total test area, L A , and relate them with the interface area per unit composite volume, Sv (interfacial specific area) using the following equation [8] .
The Sv parameter can be used as a measure of the aluminium-resin interface area. This parameter depends on the aluminum concentration, particle shape and size distribution ( Table 2) . Title of Publication (to be inserted by the publisher)
When the Sv results of A1 to A4 and B1 to B4 composites are compared, one can figure out that there is a relation of the flexural strength and the impact strength with the interfacial specific area (Fig. 3) . The mechanical behaviour indicated by the impact and flexural curves is very similar, in both systems. This result shows a potential correlation between the Sv parameter (that measures the interface extension) and the composite strength.
Conclusions
The composite interfacial specific area, Sv, assess the degree of interaction in the interface and the respective contribution to the composite mechanical behaviour. Considering that the interface extension is proportional to the respective interactions, to transfer the stresses between the matrix and the dispersed phases, the specific area improvement contributes to a better mechanical performance of the particle filled composite, as it was intention to show in quantitative terms.
The shear test results were not very elucidative for comparison proposes. Nevertheless, B matrix is stronger than A one, and the strength of both respective composites is similar, therefore aluminium epoxy interface in A composite seems to be stronger than in B composite.
In general terms one can conclude that epoxy composites with high aluminium particle concentrations display a mechanical behaviour dependent on the interface adhesive strength and interface area.
